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Using flavor SU(3) symmetry for the light quarks validated by the available experimental data,
we propose an intuitive way to hunt for a scalar glueball in B decays. In the presence of mixing
between the glueball and ordinary scalar mesons, we explore the extraction of the mixing parameters.
In particular, we discuss the implication from the recently available experimental data and show
the sensitivities of B decays as a probe to the scalar structures. The future Super KEKB factory
would allow access to establishing the mixing pattern among the scalars, and possibly allow one
to disentangle the long-standing puzzle concerning the existence and mixings of the scalar glueball
predicted by QCD.
PACS numbers: 14.40.Be,14.40.Rt,13.25.Hw
Introduction. One has the most exotic forms of mat-
ter consistent with QCD are glueballs. These are bound
states made of the color force carriers only. Lattice QCD
simulations have suggested the mass of the lowest-lying
scalar glueball around 1.5-1.8 GeV [1, 2]. Despite several
possible candidates in this mass region, the existence of
a scalar glueball state is still under debate, largely be-
cause of the fact that the lowest-lying scalar glueball has
the same quantum numbers as the QCD vacuum, and
thereby mixes with ordinary quark-antiquark states.
Most glueball studies available in the literature have
focused on decay properties and the production in low-
energy processes. In fact, the study of the production in
B decays is another powerful way to uncover the myste-
rious structure of scalar mesons and figure out the gluon
component inside [3].
The motivation of this work is to provide an up-to-
date analysis of B decays into a scalar meson plus a J/ψ,
particularly in the light of the recent data on B/Bs →
J/ψpi+pi−/K+K− decays from the LHCb, Belle and D0
collaborations [4–7]. In view of these, we will suggest an
intuitive way for the identification of a glueball.
In the following, we shall consider three scalar mesons
f0(1370),f0(1500) and f0(1710) all having potentially a
large glue content, see for instance Refs. [8, 9]. These
three mesons, together with the isotriplet a0(1450) and
isodoublet K∗0 (1430) can form an SU(3) octet made of
q¯q, with one additional state arising from the mixing
with the glueball [10]. From this viewpoint, without
loss of generality, the isosinglet scalar meson among
f0(1370),f0(1500) and f0(1710) is expanded
|f0〉 = α1|G〉+ α2|s¯s〉+ α3|n¯n〉, (1)
in which the coefficient α1 is the measure of the glue
content. The three coefficients satisfy the unitarity con-
dition α21 +α
2
2 +α
2
3 = 1. Here, n denotes the light quark
flavors up and down and we work in the isospin limit in
what follows.
General analysis based on SU(3) symmetry. To start,
we will assume flavor SU(3) symmetry for the light u, d, s
quarks in the B → J/ψM decay amplitudes. This sym-
metry has been partly tested in a few B → J/ψP and
B → J/ψV processes [11] and a good agreement with the
data is found. The underlying nature of these processes
at the quark level is governed by the b→ c¯cs or b→ c¯cd
transitions whose matrix elements can be related using
the flavor symmetry. For a better comparison to be made
in the following we define the ratio:
R[Bq → J/ψPqq¯′ ] = |Vcd|
2
|Vcq′ |2
|Cpi0 |2
|CP |2
τ(B0)
τ(Bq)
×B(Bq → J/ψPqq¯′)B(B0 → J/ψpi0) , (2)
whose deviation from unity directly arises from the SU(3)
symmetry breaking effects. In this ratio, CP = 1 (except
for −Cpi0 = Cηqq¯ = 1/
√
2) is the flavor wave function fac-
tor. The ratios for the B → J/ψV processes are defined
in a similar way. Using the relevant experimental data for
the branching fractions of the various channels [12–14],
we collect the results for these ratios in Fig. 1. The verti-
cal lines in this figure denotes unity and thus corresponds
to the exact SU(3) symmetry limit.
Three observations can be made from the results pre-
sented in Fig. 1. Firstly, the current uncertainties in the
Bs decays are large but may get significantly reduced
due to the large amount of data accumulated from the
LHC and future Super B factories. Secondly, the SU(3)
symmetry holds well in the b → d processes (namely
B → (J/ψpi, J/ψη(′)) and Bs → J/ψK), and as well as
in the b→ s transition (B → J/ψK and Bs → J/ψη(′)).
Last, the excess of the branching ratios for the b → s
processes, roughly 30%, is the same in both B → J/ψP
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FIG. 1: Ratios of branching fractions of B → J/ψP and
B → J/ψV . The vertical lines denotes unity and correspond
to the SU(3) symmetry limit.
and B → J/ψV decays.
After validating the flavor SU(3) symmetry, we now
explore the consequences in the application to B → J/ψS
decays. Suppose in the near future we are equipped with
the following experimental data
B1 = B(B0 → J/ψK∗0 (1430)),
B2 = B(B0s → J/ψK∗0 (1430)),
B3 = B(B0s → J/ψf0),
B4 = B(B0 → J/ψf0), (3)
where the second quantity can also be replaced by
B(B− → J/ψa−0 (1450)). The first and third processes
are induced by the b→ s transition, while the other two
arise from the b→ d transition. In the SU(3) symmetry
(to be more specific the U-spin symmetry which inter-
changes the s and d quarks) limit, B1 = B2, but in order
to account for the symmetry breaking effects that can
reach 30% as we have shown, we will retain the differ-
ences in B1 and B2. This treatment will refine our analy-
sis based on the SU(3) symmetry and greatly reduce the
systematic errors in the analysis.
In the leading-Fock-state approximation, a scalar glue-
ball is composed of two constituent gluons. In exclusive
B decays, the two gluons can be emitted from either the
heavy b quark or the light quark. The emission of a
collinear gluon from the heavy b quark is suppressed by
1/m2b . Since the initial state does not contain any valence
gluon, in order to generate the glueball the quarks have
to be annihilated via the QCD interaction. Compared to
the form factor of B to an ordinary q¯q transition, such
a contribution is suppressed by αs(mbΛQCD), where the
scale in αs has been set to the typical scale in the transi-
tion. The calculation in the perturbative QCD approach
shows that the B-to-glueball form factor is suppressed by
a factor of 6-10 [15, 16].
In the following discussion, we will neglect the small
contributions from the glueball content, and thus only the
n¯n (s¯s) component will contribute in B (Bs) decays into
a scalar meson plus a J/ψ. As an important consequence,
B3/B1 = α22 and 2B4/B2 = α23, while the product of ratios
1−B3/B1−2B4/B2 directly reflects the size of the glueball
component. Any significant deviation of 1 − B3/B1 −
2B4/B2 from 0 will be a clear signal for a glueball.
Implications from the present data. In Ref. [4], the
Belle Collaboration reported the observation of a scalar
mesonic state fX from the process Bs → J/ψfX →
J/ψpi+pi− with a significance of 4.2σ:
B(Bs → J/ψfX → J/ψpi+pi−) = (0.34+0.14−0.15)× 10−4. (4)
The mass and width of this resonance are determined as
mfX = (1.405± 0.015+0.001−0.007)GeV,
ΓfX = (0.054± 0.033+0.014−0.003)GeV. (5)
Subsequently, the LHCb collaboration has found a simi-
lar resonance
mfX = (1.4751± 0.0063)GeV,
ΓfX = (0.113± 0.011)GeV. (6)
The branching ratio (BR) of Bs → J/ψfX is roughly 4%
of the BR for Bs → J/ψφ. Remembering that B(Bs →
J/ψφ) = (1.09+0.28−0.23)× 10−3 [12], we note that the LHCb
result is consistent with the Belle measurement.
The measured branching ratio of Bs → J/ψfX →
J/ψpi+pi− is helpful to determine the mixing coefficient
α2 in fX together with
B(B0 → J/ψK0) = (8.71± 0.32)× 10−4. (7)
Under the assumption of factorization, we extract the
coefficient α2 as
α2 = (0.27± 0.13)×
FB→K1 (m
2
J/ψ)
0.53
× 1.22
F
Bs→f0(s¯s)
1 (m
2
J/ψ)
×
√
10%
B(fX → pi+pi−) , (8)
where we have used the calculation of the form factors
from Refs. [16, 17]. The uncertainties shown in the paren-
thesis are from the nonfactorizable contributions and
3have been conservatively taken as large as 50%. The
decay branching fraction of fX → pi+pi− is an important
input in the analysis and we have used 10% for illustra-
tion.
Comparison with theory. For illustration, we will con-
sider two widely-discussed mixing mechanisms of the
scalar mesons and for an overview of alternative schemes
see Refs. [10, 18, 19] and many references therein. Be-
cause the decay width of the f0(1500) is not compatible
with the ordinary q¯q state, it is claimed that f0(1500)
is primarily a scalar glueball [8], and the mixing ma-
trix through fitting the data of two-body decays of scalar
mesons is f0(1710)f0(1500)
f0(1370)
 =
 0.36 0.93 0.09−0.84 0.35 −0.41
0.40 −0.07 −0.91
 Gs¯s
n¯n
 . (9)
Based on the SU(3) assumption for scalar mesons and
the quenched Lattice QCD results [2], Cheng et al. [9]
reanalyzed all existing experimental data and derived the
mixing coefficient matrix as f0(1710)f0(1500)
f0(1370)
 =
 0.93 0.17 0.32−0.03 0.84 −0.54
−0.36 0.52 0.78
 Gs¯s
n¯n
 .(10)
Here, the f0(1710) tends to be a glueball. This is very
different from the first matrix of mixing coefficients in
Eq.(9), while both schemes can well explain the data on
the production in J/ψ and decays of the f0.
The mixing scheme of Eq. (10) predicts a much larger
production branching ratio for J/ψ → γf0(1710) than
J/ψ → γf0(1500) and implies a relatively pure glue-
ball around 1.7 GeV. In contrast, the mixing scheme of
Eq. (9) suggests that those two nearby states f0(1500)
and f0(1710) both have sizeable glueball components. It
can be understood that the interferences between the
glueball and q¯q production would lead to an enhanced
production rate for J/ψ → γf0(1710), but a suppres-
sion of J/ψ → γf0(1500). Such an ambiguity reflects
the lack of knowledge on the glueball-q¯q coupling in
the scalar sector. Qualitatively speaking, it is strongly
model-dependent to determine the glueball component
of scalar mesons in their strong productions and strong
decays. In this sense, it is interesting to recognize the ad-
vantages of probing the flavor components of the scalar
mesons in B decays. To be more specific, in the decay
of Bs → J/ψf0 the mixing coefficients in the second col-
umn, α2’s defined in Eq. (1), will be projected out by the
weak transitions. Thus, they provide a natural filter of
the s¯s component.
Apart from the measurements on Bs → J/ψpi+pi−,
both the LHCb and D0 collaborations have measured the
branching ratio of the process Bs → J/ψK+K− [6, 7],
in which no significant evidence for any scalar resonance
decaying into K+K− is found. Thus, it may be hard
to interpret the f0(1710) as an s¯s state since in this case
the f0(1710) mainly decays into K
+K−. From this view-
point, it seems that the mixing in Eq.(9) is less favored
compared to the one in Eq.(10), where the production of
the glueball dominated f0(1710) is expected to be sup-
pressed.
The present experimental precision does not allow a
conclusion for the f0(1500). Although in the mixing
scheme of Eq.(10), the f0(1500) is favored to be pro-
duced via its s¯s component, its decay branching ratio to
K+K− is relatively small, i.e. (8.6 ± 1.0)% [12]. With
higher statistics available in the future, a determination
of the relative production rates for the f0(1710) and the
f0(1500) in Bs → J/ψpi+pi− should be able to provide
crucial information about their internal structure.
Supposing that the absence of f0(1710) in K
+K− is
indeed due to the dominance of an internal glueball com-
ponent, one notices that the such a scenario is consistent
with the recent Lattice QCD calculation of Ref. [20],
where the f0(1710) as a glueball candidate would have
a large production rate in J/ψ radiative decays, i.e.
J/ψ → γf0(1710). It is also in agreement with the cou-
pled channel study of the S-waves meson-meson scatter-
ing [21], in which the f0(1710) and a pole at 1.6 GeV,
which is an important contribution to the f0(1500), are
identified as the scalar glueballs.
Regarding the fX resonance discovered by Belle and
LHCb, we explore two cases since the masses and widths
of both f0(1370) and f0(1500) are close to the experi-
mental values:
i) The fX can be the f0(1500). From the PDG ta-
bles [12], we quote
B(f0(1500)→ pi+pi−) = 2
3
× 34.8% = 23.2%, (11)
which implies
|α2| = (0.18± 0.09)×
FB→K1 (m
2
J/ψ)
0.53
× 1.22
F
Bs→f0(s¯s)
1 (m
2
J/ψ)
. (12)
Such a small value seems to favor the mixing matrix
shown in Eq.(9).
ii) The fX can be the f0(1370). The PDG quote
that the f0(1370) → ρρ is its main decay mode. Both
WA102 [22] and BES-II [23] found that the branching ra-
tio fraction of f0(1370)→ pi+pi− over f0(1370)→ K+K−
is small, i.e. ∼ 20% [23]. If this is the case, the extracted
coefficient α2 is of a similar size as the value in Eq. (12).
In such a situation, it seems hard to distinguish the mix-
ings given in Eq. (9) and Eq. (10).
Future improvements. Although the present experi-
mental status does not allow us to make a definite conclu-
sion on the fX , we would expect that the situation will be
greatly improved in the future. As we have shown above,
4the measurement of branching ratios of the Bs → J/ψf0
with high statistics will be able to pin down the flavor
components of the scalars. Therefore, a precise measure-
ment of the relative production rates of all (or some of)
those scalars in Bs → J/ψf0 will be an ideal s¯s filter
for the determination of the s¯s components inside those
scalar mesons. It is also possible to use the B → J/ψf0
decays as a flavor filter for the non-strange q¯q compo-
nents similar to that in Bs → J/ψf0. A combined mea-
surements of Bs → J/ψf0 and B → J/ψf0 will be very
selective to scalar mixing models and can be compared
with the scalar production mechanisms studied in e.g.
J/ψ → γf0.
Generically the branching fractions of the b → c¯cd
processes are suppressed by V 2cd/V
2
cs ∼ 0.04, which we
suppose would be compensated by the large luminos-
ity of the future experiments. The Super KEKB fac-
tory is expected to gather about 50 ab−1 of data, which
is two orders of magnitude larger than the data sam-
ple collected on the KEKB collider [24]. With such
a high statistic data base, one might gain access to
Bs/Bd → J/ψf0(γγ) in which the scalar meson is re-
constructed in the two-photon final state. Compared to
the Bs/B → J/ψf0(pi+pi−,K+K−), in which the decay
of the f0 is not under control due to the unknown con-
tributions from the glueball, the Bs/Bd → J/ψf0(γγ)
is cleaner. Due to the fact that the gluons are free of
electromagnetic interaction, the glueball component will
not contribute. Thus, the decay matrix elements of the
three f0s can be determined by the mixing coefficients
and electric charges of the flavor components.
Conclusion. To summarize, using the available experi-
mental data we have demonstrated that the flavor SU(3)
symmetry for the light quarks holds quite well and can
be applied to the study of B decays into a scalar meson
plus a charmonium. Our analysis suggests that such a
process would serve as an ideal flavor filter for probing
the quark contents of scalar mesons. In the presence of
mixings between a glueball and ordinary q¯q mesons, we
show that the mixing parameters can be extracted and
explicitly related to experimental data from the LHCb,
Belle and D0 collaborations. Although the present exper-
imental data sample does not allow a solid conclusion on
all those states, we have shown the sensitivities of such a
probe to the scalar structures. The future Super KEKB
factory would allow access to establishing the mixing pat-
tern among those three scalars, and possibly allow one to
disentangle the long-standing puzzle concerning the ex-
istence and mixings of the scalar glueball predicted by
QCD.
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